1,4-Dimethyl-2,5-di(phosphinyl)benzene (1) was prepared in high yield in a four-step synthesis from 1,4-dibromo-2,5-dimethyl-benzene. The intermediates with (Et 2 N) 2 P and Cl 2 P groups (2, 3) with the corresponding substitution pattern have been isolated and structurally characterized. All three compounds (1 -3) adopt a centrosymmetrical conformation with one of the P-X bonds of each X 2 P group located in the ring plane while the other reaches out from this plane in a roughly perpendicular orientation. Distortions of the ring and its substituents from a standard planar hexagonal geometry are readily explained by invoking steric and inductive effects. The crystal structure of 1,4-dibromo-2,5-dimethyl-benzene has also been determined for reference purposes. Compound 1 was employed as a substrate for auration by tri(gold)oxonium salts of the type {[(R 3 P)Au] 3 O}BF 4 . Hexanuclear complex salts of the type {[(R 3 P)Au] 3 P(C 6 H 2 Me 2 )P[Au(PR 3 )] 3 }(BF 4 ) 2 were obtained in almost quantitative yield with R 3 P = t Bu 3 P (4) and Ph 3 P (5). The former (4) has the higher thermal stability, it could be crystallized and its structure determined. It features a conformation in which the xylene plane bisects one of the Au-P-Au angles at both tetrahedrally coordinated central phosphorus atoms placing its methyl groups in sterically least hindered positions. Compound 5 is labile in solution and shows rapid ligand exchange on the NMR time scale. The limited stability has also been confirmed by mass spectrometry. Similar structural details and differences in stability were observed in the related trinuclear gold complexes based on 1-naphthyl-phosphine, which were prepared as reference materials using the same preparative procedure. Of the two compounds {(1-C 10 H 7 )-P[Au(PR 3 )] 3 }BF 4 , with R 3 P = t Bu 3 P (6) and Ph 3 P (7), the former is the more stable species. In the solid state the cation approaches mirror symmetry in a conformation comparable to that of 4. Compound 7 is thermally labile and shows a rapid ligand exchange in solution.
Introduction
Primary phosphines RPH 2 are attracting current interest [1] owing to their synthetic potential a) for the preparation of new types of functional or chiral ligands [2] , b) as substrates for hydrophosphination reactions [3] and c) for the construction of multidimensional frameworks [4] . Regarding the latter aspect, polyfunctional primary arylphosphines with a rigid skeleton are particularly useful for the design of chainlike polymers or sheet-like layer structures with a variety of connectivity motifs which depend on the substitution pattern of the parent aromatic hydrocarbon.
In our own previous studies, work had focused on the chemistry of representative examples like 1,3,5-tri(phosphinyl)benzene, 1,8-di(phosphinyl)naphtha-0932-0776 / 05 / 0500-0511 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com lene and 2,5-di(phosphinyl)-thiophene and -furan [5 -7] . In the course of these studies it has been noted that there is still a paucity of information on the efficient preparation and the properties of 1,4-di(phosphinyl)benzenes (A) with the most simple and obvious structural pattern for α,ω-ligation of benzene rings via phosphorus atoms [8, 9] .
Ring-unsubstituted 1,4-di(phosphinyl)benzene was first prepared by Wagner et al. in 1962, but for quite some time its chemistry remained largely unexplored [8] . The compound is a distillable liquid, which could not be crystallized. Through the preparation and structural characterization of hexa-and even octa-nuclear gold(I) complexes it could be demonstrated that the p-phenylene group of the substrate can act as a rigid plate-like unit connecting triangular or square gold clusters by capping them with the phosphorus atoms [10] . In the absence of steric hindrance by additional ring substituents, there is no conformational preference for the orientation of the phenylene plane relative to the Au 3 triangle or Au 4 square as shown by NMR spectroscopy in solution.
The present study therefore was initiated in order to prepare a symmetrically substituted molecule, specifically the p-xylylene homologue, vic. 1,4-dimethyl-2,5-di(phosphinyl)benzene (1) . It was hoped that owing to the reduced mobility of the -PH 2 groups this homologue should crystallize more readily than the parent compound and allow the determination of its crystal structure. It was further expected that its polynuclear gold(I) complexes will exhibit a localized conformation of the xylylene unit.
The above structural expectations were based on observations with the corresponding p-phenylene compounds with -SiH 3 substituents [11 -16] .
For the auration of the new diprimary phosphine 1, established methods could be employed which were already used successfully in previous studies with phenyl-, o-tolyl-, mesityl-and [2,4,6-tri( t butyl)phenyl]-phosphine, as well as 1,2-and 1,4-di(phosphinyl)-and 1,3,5-tri(phosphinyl)-benzene [17 -21] .
In a complementary investigation 1-naphthylphosphine, obtained in a parallel study [6] , was also triaurated and the product structurally characterized in order to provide a reference compound with a more pronounced steric effect of the aryl group (1-naphthyl).
Preparative Results
The preparation of compound 1 is outlined in Scheme 1. 1,4-Dibromo-2,5-dimethyl-benzene was lithiated with four equivalents of t BuLi in a tetrahydrofuran/pentane mixed solvent and the reaction mixture subsequently treated with two equivalents of bis(diethylamino)chlorophosphine. The product 2 was isolated by crystallization from pentane in 59% yield (m.p. 89 • C). Its conversion into the tetrachloride 3 was achieved in 93% yield by passing a stream of dry hydrogen chloride into its solution in hexane. A crystalline material (m.p. 66 • C) was obtained upon crystallization from dichloromethane at −30 • C. In the last step, compound 3 was reduced by an excess of LiAlH 4 in diethylether to give a 92.5% yield of the target phosphine 1 which was isolated as a crystalline solid (from diethylether at −30 The diprimary arylphosphine 1 was aurated by treating it with two different oxonium reagents {[(R 3 P)Au] 3 O}BF 4 in dichloromethane at −78 • C (R = t Bu, Ph), (Scheme 2). The product 4 with the t Bu 3 P ligands could be crystallized from diethylether/acetone in 98.5% yield (m.p. 204 • C with decomposition). The analogous complex with Ph 3 P ligands (5) was also obtained in high yield as a pale yellow powder (m.p. 144 • C with decomposition), but could not be crystallized.
1-Naphthyl-phosphine [6, 22 -27] was converted into the corresponding trinuclear gold complexes (6, 7) using the same procedures (Scheme 3). While 6 (with the t Bu 3 P ligands) was again readily crystallized (98.3% yield, m.p. 142 • C with decomposition), compound 7 was received as a yellow powder (97.9% yield, m. p. 123 • C with decomposition).
Analytical and Spectroscopic Data
Compounds 1 -3 were characterized by microanalysis, mass spectrometry and NMR spectroscopy. In the EI mass spectra, the molecular ions were observed with high intensity. The peaks featured the expected isotope patterns (3) and the fragments originating from the consecutive loss of hydrogen atoms (1). The 31 P{ 1 H} NMR spectra showed singlet resonances in the expected shift ranges, with the tetrachloride (3) in the low-field region at δ = 159.8 ppm, the tetraamide (2) at δ = 93.0 ppm, and the tetra-hydride (1) up-field at δ = −131.8 ppm (all in CD 2 Cl 2 at 25 • C). The 1 H and 31 P resonances of the -PH 2 groups of compound 1 appear as the A and X parts of an A 2 XX'A' 2 multiplet, respectively, (with additional fine-structure arising from weak couplings with the aryl hydrogen atoms), which were not fully analyzed.
The gold complexes 4 -7 gave satisfactory elemental analysis data. In the FAB mass spectra the mono-(6) and dications (4) of the salts were detected as the parent ions or with low intensity (7), while for 5 only fragment ions could be registered. The 31 P NMR spectra showed significant differences for the complexes with the t Bu 3 P and Ph 3 P ligands, in that only the former featured the expected AX 3 multiplicities (d, q) for the P A (AuP X ) 3 groups in CD 2 Cl 2 at 25 • C. In these spectra it was unnecessary to treat the coupling pattern as based on an extended X 3 AA'X' 3 spin system, because the A-A' coupling appears to be almost negligible. For 5 cooling to −80 • C was required to obtain the doublet/quartet pattern. This phenomenon indicated an exchange broadening of AuPR 3 or PR 3 groups in solution, which is slow for t Bu 3 P, but rapid for Ph 3 P ligands on the NMR time scale. In this context it should be noted that complexes 5 and 7 were found to have lower thermal stability than 4 and 6 both as solids and in solution. However, there was no NMR evidence for inequivalence of (AuPR 3 ) groups in solution which would have indicated hindered rotation of P(AuP) 3 groups about the C-P(Au 3 ) bonds. 
Crystal and Molecular Structures
1,4-Dibromo-2,5-dimethyl-benzene: The structure of this precursor molecule (Scheme 1) was determined in order to have reference data for the phosphines derived thereof. Crystals (from ethanol) are monoclinic (space group P2 1 /n) with the unit cell containing Z = 4 molecules with no crystallographically imposed symmetry ( Fig. 1) . Except for the methyl hydrogen atoms all atoms are largely coplanar with the representative torsional angles all deviating less than 1 • from 180 • . Relative to the 120 • standard, the endocyclic angles at C2/C5 and C1/C4 are smaller by 3 • and larger by 2 • (average), respectively, as expected for electrondonating methyl and electron-withdrawing bromo substituents [12, 16, 28 -31] . The exocyclic angles indicate a slight repulsion of neighbouring methyl and bromo substituents (Caption to Fig. 1 ). The packing of the molecules in the crystal shows no π-π stacking or hydrogen phenyl embrace and appears to be governed by intermolecular Br···Br contacts. (7), Br2-C1 1.892(7), C2-C8 1.560(10), C5-C7 1.549(9); C1-C2-C3 116.9(6), C2-C3-C4 120.3(6), C2-C1-C6 121.9(6), C3-C4-C5 122.3(6), C4-C5-C6 117.0(6), C5-C6-C1 121.7(7), Br1-C4-C5 120.5(5), Br1-C4-C3 117.2(5), Br2-C1-C2 119.8(5), Br2-C1-C6 118.3(5), C7-C5-C4 121.9(6), C7-C5-C6 121.1(6), C8-C2-C1 122.4(6), C8-C2-C3 120.7 (6) . All dihedral angles C-C-C-C/Br are very close to 0 or 180 • . (2) : Crystals (from pentane at −30 • C) are monoclinic (space group P2 1 /c), with Z = 2 centrosymmetrical molecules in the unit cell (Fig. 2) . One of the four independent ethyl groups was found disordered over two positions. The endocyclic C-C-C angles are large at C3, but small and equal at C1 and C2 reflecting the similarity of the electronegativities of C and P substituents. One of the two P-N bonds (P1-N2), and thus the nitrogen atom N2, lie roughly in the molecular plane [torsional angle N2-P1-C1-C3 = 9.30 (12) • ], while the second P-N bond (P1-N1) reaches out from this plane [with a torsional angle N1-P1-C1-C3 = 122.63 (11) • ] (Fig. 2) . The methyl carbon atoms deviate more strongly from the benzene plane than in the dibromo precursor (above). These distortions are clearly necessary to relieve steric crowding. It is probably due to the proximity of the hydrogen atom at C3 to the Et 2 N group which has its N atom in the molecular plane (N2) that causes an unexpected tilting of the C1-P1 bond towards the methyl group [C3-C1-P1 = 122.17 (10) • ]. (3) : Crystals (from dichloromethane at −30 • C) are monoclinic (space group P2 1 /c), with Z = 2 centrosymmetrical molecules in the unit cell (Fig. 3) . The conformation resembles that of compound 2. The endocyclic angles show only minor deviations from 120 • , but the exocyclic angles P1-C2-C1 = 124.16 (12) • and P1-C2-C3 = 115.91 (12) • are significantly different and indicate again (c.f. 2) a leaning over of the PCl 2 groups towards the methyl group owing to the proximity of the hydrogen atom at C1 and the in-plane chlorine atom Cl2 (the dihedral angles Cl2-P1-C2-C1 and P1-C2-C3-C4 are only 4.22 (14) • and −4.9 (2) • , respectively). (14), C3-C2-C4 120.51 (14) . The center of the xylene ring is a center of inversion.
1,4-Bis[bis(diethylamino)phosphinyl]-2,5-dimethyl-benzene

1,4-Bis(dichlorophosphinyl)-2,5-dimethyl-benzene
1,4-Dimethyl-2,5-di(phosphinyl)benzene (1):
Crystals (from diethylether at −30 • C) are monoclinic (space group P2 1 /n) with Z = 2 centrosymmetrical molecules in the unit cell (Fig. 4) . The overall conformation of molecule 1 resembles that of 2 and 3, but there are only minor signs of steric crowding. The methyl carbon atoms reside in the molecular plane and only the phosphorus atoms are slightly offset. Within the molecular plane, the angles C1-C2-C4 and C2-C1-P1 deviate from the 120 • standard by only 1 • . The leaning over of the (dichloro)phosphinyl group towards the methyl group observed in 3 is not discernible in 1, probably owing to the negligible steric effect of the hydrogen atoms. The endocyclic angles are a little larger at C3, but smaller and virtually equal at C1 and C2. The packing of the molecules in the unit cell shows no evidence for hydrogen bonding or other nonstandard van der Waals interactions. This observation is in agreement with previous findings. 4 . The structure of the centrosymmetrical dication is shown in Fig. 5 . There are no unusual intermolecular contacts between these dications and the anions or solvent molecules. The phosphorus atoms of the precursor molecule 1 are seen to be triply aurated attaining a quasi-tetrahedral configuration with average Au-P-Au and C-P-Au angles of 105.3 • and 113.4 • , respectively. The gold atoms are linearly two-coordinate with conventional Au-P bond lengths. These structural details are in agreement with results of structural studies of other triply aurated primary phosphines. No significant aurophilic bonding can be invoked due to the large intermetallic distances [17 -19] .
1,4-Dimethyl-2,5-bis{tris[(tri( t butyl)phosphine)-gold(I)]phosphonio}benzene bis(tetrafluoroborate)
The central xylene plane roughly bisects the angle Au1-P1-Au2 thus placing each of its methyl substituents between a pair of [( t Bu 3 P)Au] groups in order to minimize steric pressure. As shown by NMR studies in solution (above), this conformation is not fixed and rapid rotation of the components about the P1-C2 axes is possible (on the NMR time scale). group P2 1 /c) with Z = 4 formula units in the unit cell. The structure of the cation is shown in Fig. 6 . The geometry of the environment of the phosphonium center is very similar to that in compound 4 and needs no further comment. The plane of the naphthyl group almost exactly bisects the angle Au1-P1-Au3 with dihedral angles C9-C1-P1-Au1/Au3 of 58.7(3) and −58.9(3) • , respectively. This conformation places the annealed benzene ring C5-C10 between two of the three bulky [( t Bu 3 P)Au] groups, very similar to the conformation observed in compound 4 with respect to the xylylene methyl groups. Neglecting the orientation of the t Bu groups, the structure of the cation in compound 6 thus approaches very closely mirror symmetry. However, in solution the three [( t Bu 3 P)Au] groups are NMR-equivalent and only one 31 P signal is observed for the tertiary phosphine ligands (in CD 2 Cl 2 at 25 • C), suggesting free rotation of the naphthyl "flag" around the P1-C1 "pole".
1-Naphthyl-tris{[tri( t butyl)phosphine]gold(I)}phos-phonium tetrafluoroborate,
Conclusions
In the preparative part of this work it has been demonstrated that diprimary phosphines based on the p-xylylene skeleton can readily be prepared in high yield from 1,4-Br 2 -2,5-Me 2 -C 6 H 2 following the four-step procedure shown in Scheme 1. The target compound 1 is obtained as a stable, colourless, crystalline solid (m. p. 51 • C), which is soluble in most low-polarity solvents. Upon reaction with tri[gold(I)]oxonium salts, it is converted in almost quantitative yield into the corresponding hexanuclear diquaternary phosphonium salts 4 and 5 (Scheme 2). The complex 4 with the extremely bulky auxiliary ligand t Bu 3 P shows significantly higher thermal stability than complex 5 with the smaller Ph 3 P ligand, probably due to the efficient steric protection of the sensitive parts of the dication. The analogous reactions with 1-naphthyl-phosphine afford the trinuclear phosphonium salts 6 and 7 (Scheme 3), of which the former -with its t Bu 3 P ligands -again shows higher thermal stability.
NMR spectroscopic studies at room temperature have indicated that in dichloromethane solutions of the more labile complexes 5 and 7 there is ligand mobility which probably opens the decomposition pathway. By contrast, no such process is observed for the robust complexes 4 and 6. For all four complexes (4 -7) there is no NMR-evidence for hindered rotation of the [(R 3 P)Au] 3 P units (with their local C 3v symmetry) about the P-C(arene) bonds connecting them to the flat xylylene or naphthyl units (with local C s symmetry).
Single crystal X-ray diffraction studies of compounds 1 -3 and their dibromo precursor have shown that all four molecules have a center of inversion, either imposed by crystal symmetry (1 -3) or to a good approximation (C 6 H 2 Me 2 Br 2 ). Significant distortions of the standard geometry are observed only for 2 with its bulky P(NEt 2 ) 2 substituents. The PH 2 groups in 1 are not sterically hindered and give freely access for extensive complexation. The minor distortions of the endocyclic angles of the central benzene ring in molecules 1 -3 show that carbon and phosphorus have very similar electronegativity ("phosphorus, the carbon copy" [32] ).
The structures of the complexes 4 and 6 have also been determined, for the former from a diethylether/acetone solvate 4·(Et 2 O) 2 (Me 2 CO) 2 . The [(R 3 P)Au] 3 P groups have a pseudo-tetrahedral configuration attached to the flat xylylene and naphthyl groups, respectively. The xylene plane bisects two of the six Au-P-Au angles establishing inversion and mirror symmetry for the dication of 4, while the naphthyl plane bisects one of the three Au-P-Au angles generating approximate mirror symmetry for the cation of 6.
The two structures show efficient steric shielding of the core units of the cations which explains the robust nature of the two poly(gold)phosphonium salts.
Experimental Section
General: All experiments were carried out in an atmosphere of dry nitrogen. Solvents were dried, distilled and saturated with nitrogen; glassware was oven-dried and filled with nitrogen. Standard equipment was used throughout. The starting materials were commercially available except for (Et 2 N) 2 PCl and the two oxonium salts which were prepared following literature procedures [33 -36] . MS: Finnigan MAT 90 (FAB, 4-nitro-benzyl alcohol); HP 5971A (EI, 70 eV). NMR: JEOL JNM-GX-270/400. Standards: TMS ( 1 H, 13 C), H 3 PO 4 (85%, 31 P), BF 3 ·OEt 2 ( 11 B), CFCl 3 ( 19 F).
Compound 2: A solution of C 6 H 2 Me 2 Br 2 (12.0 g, 45 mmol) in THF (360 ml) was cooled to −78 • C and treated dropwise with a solution of t BuLi in pentane (135 ml, 1.5 M, 203 mmol). The reaction mixture was allowed to warm to 0 • C and stirred for 1 h at this temperature. The yellow solution turned into a pale yellow suspension, which was again cooled to −78 • C and treated with (Et 2 N) 2 PCl (30.1 g, 143 mmol). The reaction mixture was allowed to warm to room temperature and stirred for 12 h. Thereafter all volatiles were removed in a vacuum and the residue extracted with 3 × 150 ml of pentane. The pentane extracts were concentrated in a vacuum to a volume of 100 ml and cooled to −30 • C to crystallize the product; colourless crystals, 12. Compound 3: A solution of 2 (11.45 g, 25.2 mmol) in hexane (500 ml) was cooled to 0 • C and saturated with a stream of gaseous HCl. The reaction mixture was stirred for 1 h and again saturated with HCl gas. This procedure was repeated until the supernatant solution remained clear upon further addition of HCl. The reaction mixture was allowed to warm to room temperature and stirred for another 12 h before the precipitate was removed by filtration and washed with 2 × 100 ml of hexane. The filtrate and the extracts were combined and the solvent evaporated in a vacuum. 31 Crystal structure determination: Specimens of suitable quality and size of C 6 H 2 Me 2 Br 2 , 1, 2, 3, 4 and 6 were mounted on the ends of quartz fibers in inert perfluoropolyalkylether and used for intensity data collection on a Nonius DIP2020 diffractometer, employing graphitemonochromated Mo-K α radiation. The structures were solved by a combination of direct methods (SHELXS-97) and difference-Fourier syntheses and refined by full matrix least-squares calculations on F 2 (SHELXL-97) [37] . The thermal motion was treated anisotropically for all nonhydrogen atoms.
One ethyl group in the structure of 2 is disordered over two sites with site occupation factors of 0.79 and 0.21, respectively.
The hydrogen atoms of 1 were located and refined with isotropic displacement parameters, those in C 6 H 2 Me 2 Br 2 , 2, 3, 4 and 6 were calculated in ideal positions and refined after a riding model. Absorption corrections were carried out for C 6 H 2 Me 2 Br 2 , 4 and 6 using DELABS, as part of the PLATON suite of programs [38] . Further information on crystal data, data collection and structure refinement is summarized in Table 1 .
Displacement parameters and tables of interatomic distances and angles have been deposited with the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK. The data are available on request on quoting CCDC 264182 -264187.
